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ABSTRACT

Following decades of fire suppression, fire is slowly being reintroduced into the
North Cascades National Park (NOCA) through prescription burning and wildland fire use in
the attempt to restore native fire adapted ecosystem. The presence of cheatgrass (Bromus
tectorum), a fire-adapted invasive grass, has been documented in NOCA within the past few
decades. Although other studies have shown that fire increases the extent of cheatgrass, little
work has been done to document its response after fire in NOCA. A field survey in 2006
documented the location of cheatgrass patches, as well as size and percent cover of each
patch. Late in the season, a wildfire burned a portion of the study area, providing the
opportunity to analyze the effects of fire on cheatgrass patches. In 2008, the burned area and
an unburned control were revisited and the patches from the 2006 survey were again
measured for size and percent cover. Analysis of field data indicates two years post-fire,
Bromus tectorum has expanded its range more in burned areas than unburned areas.
Although mean patch size increased in both the burned and unburned areas, mean patch size
nearly doubled between 2006 and 2008 in the burn. Results suggest that very low, low and
moderate severity fire encourages cheatgrass expansion more than high and very high
severity fire. Additionally, this research found that when combined with fire, certain
landscape characteristics such as southwest aspects, slopes of 24-43 degrees, low canopy
cover, and elevations between 625-667 meters, are more conducive to increases in cheatgrass
patch size. The effects of fire on cheatgrass in NOCA must be better understood prior to
prescription burning so further expansion does not offset ecological benefits of fire. This
thesis provides information about the effects of fire on established cheatgrass patches, and
increases the ability of managers to mitigate for these effects following prescription burning.
iv
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CHAPTER 1: INTRODUCTION
North Cascades National Park (North Cascades known as NOCA) is home to many
different ecosystem types, fostered and maintained by complex biotic associations.
Historically, in the arid eastern portion of the park, natural fires of differing severity would
occur every few years. These conditions persisted for thousands of years and resulted in a
landscape largely dominated by ponderosa pine (Pinus ponderosa) with little understory.
Over the last century, fire suppression has led to a degradation of the natural, historically
sculpted biotic landscape (Agee 1993; NOCA 2006b). Mandated by recent national policies
aimed to reintroduce fire and ecosystem characteristics shaped by fire, park managers in
NOCA have begun to return the forest to a more historically natural state. To accomplish
this, fire and fuels programs, that use methods like prescription burning, thinning and
wildland fire use to restore natural structure and function of a fire adapted ecosystem, have
been implemented (NOCA 2006b).
Unfortunately, where fire restoration is occurring in the park, another concurrent
biotic conflict ensues. One of the most prominent invasive plants on the eastern side of the
park is cheatgrass (Bromus tectorum). Cheatgrass is a highly invasive grass species found
across western North America. The grass is mainly concentrated throughout the ponderosa
pine dominated Stehekin Valley, at the southern extent of the park in the Lake Chelan
National Recreation Area (NRA). Although documented as early as 1989, over the past few
years the invasive grass has greatly expanded, possibly threatening native flora (Frasier 1994;
Melgoza and Novak 1991; Norton et al. 2004). In this area the dry climate and sparse ground
cover are more conducive to cheatgrass invasion than the wetter, more densely vegetated
areas in the park on the western side of the Cascades mountain range.

Research Problem
Many recent studies in western North America indicate that fire can stimulate
cheatgrass expansion (D‟Antonio and Vitousek 1992; Merriam et al. 2006; Keeley 2005;
Keeley et al. 2005; Keeley and McGinnis 2007; Melgoza and Novak 1991; D‟Antonio et al.
1999). However, there is little known about cheatgrass establishment, or it‟s ability to
expand post-fire in the Lake Chelan NRA. The literature suggests that wildland fire use and
the implementation of nationally mandated prescription burning in NOCA‟s ponderosa pine
forests may be inadvertently encouraging cheatgrass expansion.
National Park Service (NPS) policy currently states that “management will minimize,
give direction to, or control those changes in the native environment and scenic landscape
resulting from human influences on natural processes of ecological succession” (as quoted in
Barker 2005). Similarly, park managers follow the mandate as dictated by the Leopold
Report (1963), which states that the goal for biotic management within the NPS is to
maintain or recreate biotic associations “as nearly as possible in the condition that prevailed
when the area was first visited by white man” (as quoted in Westman 1990). However,
considering the available literature on fuels treatments and nonnative plant invasions, it is
probable that fire management methods currently employed in NOCA, like thinning,
prescription burning and wildland fire use, are actually promoting nonnative invasion
(Merriam et al. 2006; Pierson and Mack 1990; Keeley et al. 2005; Keeley and McGinnis
2007).
Managers in NOCA recognize that burning may be encouraging cheatgrass expansion
(NOCA 2006c). Since the goal of ecological restoration treatments are designed to reverse
recent, human-caused ecological degradation, managers are faced with a dilemma (Moore et
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al. 1999 [emphasis added]). Can ecosystems be returned to their „natural‟ state when the
practices required to do so, could in fact be directing ecosystems towards an unnatural state
by encouraging invasion by nonnatives?
Nationally mandated policies requiring prescribed burning and encouraging wildland
fire use could be jeopardizing the overall health of NOCA forest ecosystems by encouraging
invasion of cheatgrass. Until more is understood about the effects of fire on cheatgrass
invasion, the ecological and social benefits of fire restoration in NOCA may be compromised
if fire is causing potentially irreversible ecological degradation. The lack of knowledge
about the relationship between fire and cheatgrass in the park could be jeopardizing the goal
of ecological restoration through fire in the Stehekin Valley, and may also unintentionally be
compromising the overarching management goals of the National Park Service.

Research Goals
It is important to understand the effects of fire on cheatgrass, so that further invasion
does not counteract the possible ecological benefits of restoring fire as a natural process
through prescription burning or wildland fire use. The goal of this research is to determine
whether cheatgrass expansion was promoted by the 2006 Flick Creek fire, indicating whether
cheatgrass patches will expand following future fire event. This thesis also compares
identical sites from two adjacent areas in the Stehekin Valley, one area that burned and one
that did not. Differences between cheatgrass patch size and density in burned versus
unburned areas indicate whether certain landscape characteristics, that when combined with
fire, foster invasion. Furthermore, I examine whether varying degrees of burn severity found
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in the Flick Creek fire perimeter differently impacted the size or percent cover of established
cheatgrass patches.

Research Questions
1. Did fire encourage expansion or increase the density of cheatgrass patches two years
post-fire?
2. Are there landscape characteristics that when combined with fire, are associated with
cheatgrass expansion?
3. Did varying degrees of burn severity differentially impact the size or percent cover of
cheatgrass patches from within the Flick Creek fire perimeter?

Study Area and Regional Fire Environment
The North Cascades National Park is located in Washington State (Figure 1.1).
NOCA consists of 684,000 acres of land that stretches from the northern end of Lake Chelan
to the Canadian border. There are two NRAs in the Park, the Ross Lake NRA and Lake
Chelan NRA. The Stehekin Valley lies on the northern end of Lake Chelan in the Lake
Chelan NRA. The Lake Chelan NRA is bordered by Wenatchee National Forest on the west,
south and eastern sides, and extends throughout the northern extent of the park to the
Canadian border. This area is comprised of 62,000 acres of land, 56,000 acres of which is
designated as wilderness area. There are a number of in-holdings that total 420 acres of
privately owned land in the park (NOCA 2007).

4

Figure 1.1 Study area: North Cascades National Park, Lake Chelan National Recreation Area

The east side of NOCA in the Lake Chelan NRA, averages only 35 inches of annual
precipitation, whereas the western side receives 110 inches. The eastern portion of the park
is a mixed coniferous forest dominated by ponderosa pine and Douglas fir (Pseudotsuga
menziesii) at lower altitudes and lodgepole pine (Pinus contorta) at higher elevations. The
terrain varies considerably with many areas dominated by open rocky slopes with annual
grasses, forbs, fescue and low shrubs (NOCA 2003). The remaining areas are comprised of
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thick understory shrubs. Vegetation types are characterized as rock outcrops, grassland
patches, seeps, dry coniferous forests and riparian forests (NOCA 2006c).
Archeological records suggest that Native Americans were present in the Stehekin
Valley for thousands of years. Ethnohistoric records indicate that many Native American
bands used the Stehekin Valley as a primary travel route through the North Cascades range.
Although it is possible that there were occasionally fires as a result of human activity, there is
no evidence that the Native Americans set fires intentionally to clear forest understory or
create canopy openings (NOCA 2006b). This suggests that historic fires in the Stehekin
Valley were naturally occurring, and not caused by human action.
Beginning in the 1880s, people began to settle in the town, Stehekin. To build
infrastructure while also clearing land for settlement, small scale logging began. Soon after,
small farms, homes an orchard and hotel were established and the population began to grow.
Due to the lack of road structures, pack animals were used for transportation and movement
of materials. As a response to settlement and a need to protect homes and wood sources,
forest fire suppression began as early as 1890 (NOCA 2006b).
The Stehekin Valley “falls within a fire frequency category described as a moderate
severity regime” (NOCA 2006b). Historically in the valley, moderate severity fires would
occur every 25 to 100 years, and low severity fire would occur between 6 and 38 years. The
combination of these low, moderate and high severity fires would leave a mosaic of high,
medium and low intensity burned patches on the landscape (Agee 1993). These conditions
are essential for ecosystem health, as fire helps shape the vegetative community structure and
composition, creating a diverse mix of understory plants and trees of different ages and types
(Pyne et al. 1996). Because fires have not been allowed to burn at historical frequencies due
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to suppression practices, they have not been able to perform vital functions that helped shape
the North Cascades ecosystems.
Years of effective fire suppression in NOCA have essentially halted the natural fire
regime and has allowed for the encroachment of Douglas fir and less fire-tolerant species
such as western hemlock (Tsuga heterophylla) and western red cedar (Thuja plicata).
Subsequently, there has been a decline of the more fire-resistant ponderosa pine (Agee 1993;
NOCA 2006b). According to the Forest Fuel Reduction/ Firewood Management Plan
(NOCA 2006b), the current number of ponderosa pine is thought to be less than populations
at the turn of the century, and is much less than what would be expected in a late
successional stage Douglas fir/ponderosa pine forest. One goal of the fire management plan
is to increase the proportion of ponderosa pine in certain areas to be consistent with the forest
stage.
Fire suppression in the Lake Chelan NRA has also resulted in an increase in forest
pathogens like dwarf mistletoe (Arceuthobium spp.) which can increase mortality rates and
flammability of trees by causing abnormal proliferations of numerous small twigs, referred to
as „brooming‟ (NOCA 2006b). Additionally, the buildup of heavy surface fuel loads, fuel
ladders and a continuous crown canopy increase the likelihood of high severity fires that may
be catastrophic to the type of ecosystem found here, which has evolved largely without stand
replacing fires. According to the Park‟s Forest Fuel Reduction/Firewood Management Plan,
“these conditions are not natural for a late successional stage Douglas fir/ ponderosa pine
forest” (NOCA 2006b). The combination of these existing conditions in NOCA‟s forests
increase the potential of fires that could threaten long-term ecosystem sustainability (Keeley
2005; Agee 1993).
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The NOCA Lake Chelan Fire /Fuel Reduction Plans, as required by Federal Wildland
Fire Management Policy (2006), have provided park managers with a framework to return
forests with a history of fire suppression to a more “natural” state (NOCA 2005). The plan
outlines fuel reduction through manually thinning forests and prescribed burning as methods
to achieve this “natural” state. It is necessary for managers to follow policies required by the
Forest Fuels Reduction and Fire Management Plan, because if fuel reduction tactics like
prescription burning and thinning are halted, the risk of high severity fires remains great.
Although nationally mandated, the impact of these restoration methods on nonnative plants
in the park remains uncertain.

Previous Research
During the summer of 2006, a group of four Western Washington University
undergraduate students worked with the NOCA park fire ecologist and plant ecologist to
collect data from designated areas within the Lake Chelan NRA. The purpose of this project
was to determine locations of cheatgrass populations and to quantify the extent of invasion.
This data documented point locations of surveyed cheatgrass patches and included
information on patch size and density of cheatgrass patches.
Areas of research to be studied and mapped were delineated by the park and consisted
of future prescribed burn units. However, late in the summer of 2006, the Flick Creek fire
was ignited accidently by human action. By the end of September the fire had burned
approximately 7883 acres at the southern extent of the Lake Chelan NRA. A portion of the
burned area overlapped the majority of the planned Hazard Creek prescribed burn unit which
had been surveyed for cheatgrass. This provided a unique opportunity to identify the impacts
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of fire on known cheatgrass patches. This information is indicative as to how continued
prescription burning in the Lake Chelan NRA effects established cheatgrass patches.

In this research I compare information from known cheatgrass patches in burned and
unburned areas using a paired watershed study between the Flick Creek fire area and nearby
unburned control watershed also surveyed in 2006. During the summer of 2008, I revisited a
sample of the cheatgrass patches mapped in 2006 to measure changes in size and cover of
patches in the burn and control units. I used statistical tests to determine that patch sizes
increased more in the burned area than the control between 2006 and 2008.
By comparing similar landscape characteristics present at both the burned and
unburned sites, I determined that when combined with fire, southwest aspects, slopes of 2443 degrees, low canopy cover and elevations between 625-667m facilitate cheatgrass patch
expansion. By examining pre-fire and post-fire data from the Flick Creek Fire area, I was
also able to determine that low and moderate burn severities increased the ability of
cheatgrass to expand. This information indicates that prescribed burning in the park could
facilitate the expansion of established cheatgrass populations.
Identifying these landscape characteristics that increase the ability of cheatgrass to
expand when treated with fire will assist park managers in identifying sites more susceptible
to potential infestation, helping to prioritize future eradication efforts. Similarly, the
information provided by this research may help managers to better mitigate for the impacts of
prescription burning or a wildfire event. With this data, managers can focus resources, which
are often limited, on areas with the most potential for facilitating invasion.
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CHAPTER 2: BACKGROUND

This thesis aims to answer a number of simple research questions; however, it is
essential to first understand historic suppression based policies, and the current policies
aimed at reshaping national fire policy and guiding fire restoration goals in NOCA. In this
discussion of fire management on public lands, I suggest that in light of recent ecological
understanding of fire adapted ecosystems, federal land managers have begun to view fire as a
vital component of many ecosystems. Resulting policies require that natural disturbances
like fire are allowed, artificially if not naturally, to maintain and restore biotic integrity of
fire-adapted ecosystems. These subsequent management practices reflect current
understandings of ecological frameworks and have shifted fire management on federally
owned land from suppression and containment, to restoration through fire reintroduction and
the implementation of fuel management projects.
Although fire reintroduction is currently nationally mandated on most federal land
like in NOCA, the impact of fire reintroduction after years of suppression may have
unforeseen impacts on biotic associations. In the last few sections of this chapter I review
literature findings on cheatgrass and the grass/fire cycle. Because invasive plants have an
ability to establish and flourish, they can rapidly diminish the structural and functional
integrity of an ecosystem (Mack and Pyke 1983; Merriam et al. 2006; Frasier 1994; Melgoza
and Novak 1991; Norton et al. 2004). Furthermore, literature on the grass/fire cycle suggests
that if natural or prescribed fires occur where nonnative grasses are established, the ability of
those nonnatives to invade may be augmented, allowing them to thrive and further diminish
overall ecosystem health (D‟Antonio et al. 1999; D‟Antonio and Vitousek 1992; Brooks et
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al. 2004; Shea and Chesson 2002). By analyzing the grass/fire cycle in the context of
invasive grass response to fire, I argue that nonnatives like cheatgrass can thrive after fire
through the establishment of a grass/fire cycle. Additionally, I analyze the literature on
cheatgrass characteristics to illustrate what traits enable cheatgrass to be so effective at large
scale invasion, further establishing why this particular grass is a threat to the North Cascades
ecosystems.
To conclude this chapter, I discuss the two theoretical approaches I use as a
framework throughout my analysis. An examination of invasion ecology requires a
multivariate approach because often many landscape characteristics interact to make an
environment susceptible to invasion. The community ecology theory and the spatial
dependence model both suggest that environmental variables operate in association with, or
are a direct result of other environmental factors. In the context of cheatgrass invasion, these
approaches imply that cheatgrass patches as spatially structured dependent variables, are
dependent upon explanatory variables on the landscape.

Historic Fire Management
Fire has played an integral role in shaping forest ecosystem structure and function for
thousands of years. Fires have been associated with most North American forest species
through much of their evolutionary development (Agee 1993; Arno and Allison-Bunnell
2002). Dellasala et al. (2004) suggest that in the United States (US) beginning in the early
1900s, society began to view fire as a force to be contained and suppressed at all costs. With
few exceptions, fires are not currently allowed to burn naturally in any significant manner in
the western US (Kauffman 2004). Although land managers have generally recognized that
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fire is a necessary component of nature, anthropogenic factors such as population growth,
timber harvest interests, and resource conservation have resulted in many decades of fire
control and suppression on both federally and privately owned land (Busenberg 2004).
These human-centered issues have fundamentally resulted in the continued vigorous
management of fire and fuels on federal land.
The occurrence of fire can be traced back millions of years into the Paleozoic Era.
Wildfire was probably a regular occurrence on the earth during and since the Mesozoic. It
has even been suggested that a major catastrophic, global fire event may even have been
associated with the extinction of dinosaurs during the Cretaceous-Tertiary period. In the
Pacific Northwest, evidence since the last glaciations suggests a substantial interaction
among vegetation, climate and fire that continues today (Agee 1993).
As humans inhabited the earth and technology advanced, fire became an essential
part of everyday life. Early humans used landscape scale fires to clear land for agricultural
purposes, generate foliage to attract animals for food and clothing, develop traveling
corridors and even as a means of defense (Pyne et al. 1996, Arno and Fiedler 2005; Carroll et
al. 2007). The spread of settlement in America from east to west was greatly aided by fire.
Settlers often used fire to open land for homesteads and agriculture as well as to encourage
the growth of preferred plants and animals (Schullery 1989). It was not until the late 1800s
and early 1900s that the implementation of federal fire management tactics began.
Federal and state fire management policies were developed largely as a response to a
few disastrous fire events. By the late 1800s, a combination of drought conditions and slash
left behind by logging contributed to the generation of many large and uncontrollable
wildfires. These fires and subsequent tragic fire events such as the “Great Fires” of 1910,
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often referred to as “the holocaust,” formed the basis for how federal agencies would regard
fire and shape policies for nearly the next century; essentially declaring war on all wildfires.
In 1905, the Transfer Act gave control of extensive forest reserves to the Bureau of
Forestry, later named the United States Forest Service (USFS). Although the United States
Army had been involved in Yellowstone fires earlier in the mid 1880s, Pyne et al. (1996)
argue that modern fire protection as a national enterprise can be dated to the Transfer Act.
The newly established USFS responded to decades of extreme wildfire events by making fire
suppression the main focus of energy and resources. Chief Forester Henry Graves stated in
1913 that “the necessity of preventing losses from forest fires requires no discussion. It is the
fundamental obligation of the Forest Service and takes precedence over all other duties and
activities” (Pyne 1982). By 1935, the Forest Service had adopted the “all fires out by 10am”
policy, ensuring the containment and suppression of nearly all wildfires on federal land
(Dombeck et al. 2004). The fire policies implemented by the USFS, focused largely on
containment and suppression, set the precedent for other federal agency wildfire policies for
decades to come while also laying the foundation for public perceptions of fire.
In 1963, Aldo Leopold generated the Leopold Report (1963) setting the foundation
for biotic management on NPS land. This document called for ecosystem based
management, and recognized that fire is an integral component of ecosystem health.
Similarly, the 1964 Wilderness Act (Public Law 88-577) called for the "preservation and
protection" of designated lands "in their natural condition". Although initially met with
criticism, many public land management agencies, like the NPS, Bureau of Land
Management, and USFS, eventually began implementing more „ecologically‟ based fire
management protocols. A subsequent NPS policy stated that “management will minimize,
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give direction to, or control those changes in the native environment and scenic landscape
resulting from human influences on natural processes of ecological succession” (Barker
2005). This new NPS policy, as well as coinciding policies developed by other agencies,
allowed naturally ignited fires to burn while permitting the use of prescribed burning and
other fuels treatments. With these new management practices, federal agencies began to
manage land and fire to facilitate conceptual missions (Pyne 2004).
In recent decades fire management policy has shifted from suppression and
containment to the reintroduction of fire and implementation of fuels management projects.
Land managers have generally recognized that fire is a necessary component of nature and
wildfire management has been increasingly guided by current understandings of ecological
frameworks. According to Merriam et al. (2006), unprecedented national attention has
recently been focused on pre-fire manipulation projects which often aim to reduce
accumulated fuel. Additionally, natural disturbance is often required by law or policy to
maintain natural ecosystems on federally owned land (Agee 1993). The nation‟s legacy of
fire exclusion has resulted in high fuel loads that may facilitate extensive high severity fires.
Dale (2005) suggests that fire-dependent forests in America are seeing increasingly more
intense fires. These conditions, in conjunction with population growth and an amplified
desire for resource protection, have reiterated the importance of federal involvement in fire
and fuels management and restoration of fire-adapted ecosystems.

Restoration of Fire Adapted Ecosystems
Forest management practices in North America over the past century have essentially
worked toward excluding fire from forests (Keeley 2005). According to the US Department
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of Agriculture and the Department of the Interior, 99% of all fires on public lands are
suppressed (as quoted in Dale, 2005). It has been recognized that suppression and
subsequent alteration of fire regimes often leads to ecological, structural and compositional
degradation in an ecosystem by eliminating naturally occurring processes (Agee 1993). In
the attempt to rectify decades of human-induced damage and restore ecological integrity,
recent management and federal policies have been motivated by ecosystem based
management and the restoration of natural conditions. The Federal Wildland Fire
Management Policy (2006) states that “rehabilitation and restoration efforts will be
undertaken to protect and sustain ecosystems, public health, safety, and to help communities
protect infrastructure”.
The Society for Ecological Restoration defines ecological restoration as "the process
of reestablishing to the extent possible the structure, function, and integrity of indigenous
ecosystems and the sustaining habitats that they provide." A central premise of ecological
restoration is that the restoration of natural systems to conditions consistent with their recent
evolutionary environments will prevent their further degradation, while simultaneously
conserving their native plants and animals, and reducing the potential for catastrophic
ecosystem change (Moore et al. 1999). According to Covington et al. (1997) the two
rationales behind any ecological restoration treatments are first: that facilitating partial
recovery of ecosystem structure and function can lead to reestablishment of natural selfregulatory processes that, in turn, will eventually lead to restoration of at least part of the
original ecosystem dynamics; and secondly: that both restoration of ecosystem structure and
reintroduction of fire are necessary for restoring rates of decomposition, nutrient cycling, and
net primary production to more natural, predisruptive levels. Although definitions of
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„ecological restoration‟ differ slightly, most suggest that restoration should reestablish selfregulating processes and repair ecosystem integrity (Covington et al. 1997).
Moore et al. (1999) suggest that ecological restoration is founded in conservation
biology principles, and that restoration of natural conditions is most important where
mandated by law or policy (national parks, wilderness, natural areas, etc.). The Federal
Wildland Fire Policy Report states that “wildland fire, as a critical natural process, must be
reintroduced into the ecosystem” (as quoted in Miller 2003). Policies like this and the
Healthy Forests Restoration Act of 2003 are meant to return forests to a more natural state
and increase the ability of resource managers to perform forest restoration through fuel
reduction and manipulation (Kauffman 2004). Similarly, the National Fire Plan emphasizes
a collaborative approach to managing wildfires and fuels, restoring fire adapted ecosystems,
and post-fire rehabilitation on state, federal, and private lands (Carroll et al. 2007). These
approaches have set the foundation for a new era of fire management in the US.
The main objective of these new management strategies is to return forests to their
“prefire-suppression-era-function,” process and structure (Keeley 2005). A report by the
USFS has demonstrated that treatments to reduce fire intensity and severity in western
ponderosa pine forests have been shown to work. Here, Fitzgerald (2005) claims that
treatments that move stands closer to conditions of pre-European settlement are likely to
reduce the chance of crown fires and improve fire resiliency of these forests. According to
the Forest Fuel Reduction/Firewood Management Plan (NOCA 2006b) the objectives of fuel
treatments include “replacing natural fire, maintaining historic scenes, reducing hazardous
fuels, eliminating exotic/alien species, and preserving endangered species”. These actions
are necessary in the attempt to repair damages to fragile ecosystems resulting from decades
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of detrimental management tactics. However, the policies of fire restoration may be
unintentionally causing more damage to the ecosystems the Park Service is meant to protect.
Although ecological restoration is not a cure-all solution, nor does it meet all land
management objectives, it is an important to reduce and perhaps reverse human-caused
degradation. While these forest and fire management plans are an attempt to rectify the
ecological damage created by decades of suppression guided forest management, recent
studies have demonstrated that these management practices often alter ecosystem structure in
ways that can promote nonnative plant invasion (Keeley 2005; Keeley et al. 2005; Keeley
and McGinnis 2007; Brooks et al. 2004; Klinger et al. 2006; McPherson 2001; Crawford et
al. 2001; D‟Antonio and Vitousek 1992; Backer et al. 2004). The restoration of the
ponderosa pine forests in NOCA is an attempt to set the forest on a trajectory of selfsustaining ecosystem health by working to conserve fragile system components. The
unintentional encouragement of cheatgrass through prescription burning and wildland fire
use could however, be further degrading this already impaired ecosystem.

Effects of Fire Restoration on Cheatgrass
Forest and fire management tactics like prescribed burning, thinning, and construction
of fuel breaks have been shown to increase the ability of invasive plants to establish and
invade (Merriam et al. 2006; Pierson and Mack 1990; Keeley 2005; Keeley and McGinnis
2007). Merriam et al. (2006) found that by removing litter and duff and disturbing soils, fuel
treatments opened available sites for alien plant establishment, stimulated alien seed
germination, and altered temperature, moisture and nutrient availability in a way that
encouraged nonnative invasion.
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Work by Pierson and Mack (1990) in eastern Washington and Idaho analyzed the
effects of canopy cover, grazing, understory, and litter on cheatgrass. The study found that
colonization of cheatgrass generally coincided with a reduction in tree canopy. Although this
study mostly focused on grazing, it suggests that the ability of cheatgrass to establish and
survive in forest zones was not dictated by canopy cover alone. Cheatgrass did not persist in
open canopies on lower elevations in the Pinus and Pseudotsuga forests. However, in mature
Pinus forests with a low canopy cover, cheatgrass could become established if the understory
was disturbed. These results provide what the authors call a “partial explanation” for the
distribution and current limitation of Bromus tectorum within forests of western North
America. They suggest that the establishment of cheatgrass in Pinus and Pseudotsuga forests
can be enhanced through disturbance that leads to the opening of the understory or litter
removal. Similarly, this research suggests that cheatgrass is unlikely to spread and persist in
these forest habitat types unless the scale and incidence of disturbance increases.
In 1999, a study was performed by Caprio et al. in Kings Canyon National Park, CA.
The purpose of this study was to document the presence of cheatgrass and determine the
possible impacts of fire on established patches. Like NOCA, managers in Kings Canyon had
prescription burns slated throughout the valley, however there was concern that prescribed
burning would provide more disturbance and would promote the success and spread of
cheatgrass. Cheatgrass was found mainly in open areas and on disturbed sites like trails,
campground and areas previously affected by fire. Researchers also established a number of
test plots which were burned and monitored over a 5 year period. This study found that
cheatgrass increased post-fire. Interestingly, in one of the plots, cheatgrass actually began to
decrease after the fifth year.
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A later study in Kings Canyon National Park was conducted by Keeley and McGinnis
in 2007. In this study, prescribed burns were performed in test plots with established
cheatgrass patches. They manipulated environmental factors to determine effects on
cheatgrass survivorship post-fire. This study suggests that post-fire cheatgrass cover was
negatively associated with understory cover, canopy coverage, summer sunlight hours and
fire intensity. The strongest determining factor for post-fire cheatgrass cover was pre-fire
cheatgrass cover. Pine needle litter accumulation was found to inhibit cheatgrass
establishment, and when the litter was burned the cheatgrass seedbank was reduced. Postfire cheatgrass dominance was positively affected by cheatgrass seedbank, growing season
precipitation, soil nitrogen, and hours of sunlight during the fall season. This study also
indicates that low intensity prescribed burning favors the long-term persistence of cheatgrass
once it is established in open ponderosa pine forests.
Work by Keeley et al. (2005) traced the post-fire success of 75 alien plant species in
California shrublads. They found that burning stimulates alien plant populations, including
Bromus tectorum. Although this study was conducted in a shrubland ecosystem, results
generally correspond with the Keeley and McGinnis study. This study also indicates that
available seedbank has a direct positive effect on the ability of nonnatives like cheatgrass to
survive post-fire. Similarly, results also suggest that that woody canopy closure negatively
affects alien survivorship. These results held true five years after the test prescription
burnings.

19

Grass/Fire Cycle
The most significant effects of alien grasses on ecosystems result from interactions
between grass invasion and fire (D‟Antonio and Vitousek 1992). D‟Antonio et al. (1999)
suggest that many invasive plant species are well suited for rapid dispersal into altered
landscapes, especially those altered by disturbances like fire. This can result in the
establishment of an invasive plant-fire regime cycle because invasives can alter fire regimes
by changing fuel conditions, then flourish under new conditions they create (see Figure 2.1).
By altering disturbance regimes beyond the range of variation to which the native
plant species are adapted, invasives can modify the structure and function of an entire
ecosystem over time. Ecosystems affected by altered fire regimes will lead to changes in
resource availability for nonnative and native flora (D‟Antonio and Vitousek 1992).
Invaders that alter fire regimes are important system-altering species, and can change
systems in ways that complicate ecosystem restoration goals aimed to attain preinvasion
conditions (D‟Antonio et al. 1999; D‟Antonio and Vitousek 1992; Brooks et al. 2004).
An invasion by grasses can increase fire frequency by increasing certain fuel
characteristics, such as the fuel surface-to-volume ratio, fuel-bed flammability, horizontal
fuel continuity, and by creating a fuel-packing ratio that facilitates ignition. By encouraging
fire ignition, either natural or human-caused, grasses increase the frequency of fire.
Similarly, by encroaching underbrush shrubs, and areas with dense canopy cover and sparse
native shrubs, grasses can increase the expanse of fire and its ability to spread into areas it
typically would not. These areas where nonnative grasses have increased fuel continuity are
associated with an increased occurrence of wildfire and a subsequent decrease of native plant
species (Brooks et al. 2004).
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Figure 2.1 Grass/fire cycle. Conceptual diagram of disturbance and the grass-fire cycle
(adapted from D’Antonio and Vitousek 1992). In some cases grass invasion itself is sufficient to
initiate grass-fire positive feedbacks.

Disturbance

After lower temperature surface fires, which are typical of a grass fuel-bed, the
probability of alien seedbank survivorship increases (Keeley et al. 2005). By facilitating
more frequent low severity fires which can limit or even eliminate native flora, nonnative
grasses can quickly limit resource competition. Although niche opportunities vary naturally,
they may be greatly increased by disruption of communities especially if the original
community members are less well adapted to the new conditions (Shea and Chesson 2002).
More nutrient availability, a higher probability of seedbank survivorship, and limited
resourced competition create conditions ideal for expansion. Continued expansion and
perpetuation of these conditions where invasive grasses use fire for a competitive advantage
results in a grass/fire cycle, which has also been termed as “niche construction” (Keeley
2001).
The potential for nonnative grasses, like cheatgrass, to establish and thrive in an area
may result in diminished ecosystem health. However, the ability of invasives to perpetuate
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themselves through the establishment of a grass/fire cycle can lead to drastic changes in
ecosystem structure and function over a short period of time. If either natural or prescribed
fires occur where nonnative grasses are established and a viable seedbank is present, the
consequences may be an increase in the ability of nonnatives to further invade the disturbed
ground.

Cheatgrass Characteristics
Cheatgrass is a highly opportunistic invader that exhibits many characteristics
conducive to large scale invasion in many different ecosystems. The relationship between
fire and cheatgrass invasion has been studied mainly in shrub-steppe and ponderosa pine
dominated ecosystems (Keeley et al. 2005; Keeley 2005; Keeley and McGinnis 2007,
Crawford et al. 2001; Mack 1981; Baker 2006; Gundale et al. 2007; Caprio et al. 1999;
Frasier 1994, Norton et al. 2004, Melgoza and Novak 1991; Mack and Pyke 1983; Pierson
and Mack 1990). Recent research has shown that disturbances such as fire further exacerbate
cheatgrass‟s ability to invade the landscape. In areas with established cheatgrass populations,
the grass‟s advantageous phenology and growth characteristics compounded by increased
disturbance, pose a significant threat to overall ecosystem integrity. According to D‟Antonio
and Vitousek (1992), on a regional level, Bromus tectorum increases both the size and
number of fires. Nationally, invasion by cheatgrass and the attendant fires have affected over
40 million hectares, making cheatgrass perhaps the most significant plant invasion in North
America.
The native range of Cheatgrass encompasses much of Europe, the northern rim of
Africa and Southwest Asia (Novak and Mack 2001). The grass was most likely introduced to
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North America unintentionally, as it was a common contaminate of exported grain seed and
packing material from “unscrupulous grain dealers” in Eurasia (Washington Department of
Agriculture, as quoted in Mack 1981). Although it has been documented that cheatgrass was
occasionally used in North America as forage grass.
Currently, Bromus tectorum is known to occur to widely varying degrees throughout
the conterminous United States, mostly in shrub-steppe and sagebrush ecosystems, and in
areas with a history of grazing. According to Mack (1981), the introduction of Bromus
tectorum in the interior Pacific Northwest has been traced back to approximately the 1880s
using herbarium specimens. Cheatgrass arrived in Washington State by 1893, and has
flourished (see Figure 2.2) in the shrub-steppe ecosystems and sites dominated by ponderosa
pine (Mack 1981, Mack and Pyke 1983; Keeley 2005). According to Harrod and Reichard
(2002), no other species has had such a dramatic effect on western United States ecosystems
like cheatgrass.
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Figure 2.2 Spread of cheatgrass in the Northwest from 1900 to the 1930s. Maps provided by
Betancourt (Personal Communication, 2009), as adapted from Mack (1981). Red areas
represent cheatgrass presence.

1930

Cheatgrass is characterized by germination in response to the resumption of
precipitation in autumn, a lack of seed dormancy, rapid autumn and spring growth, selfpollination, potential to produce dozens of seeds per plant, seed viability of three to five
years, and the ability to persist when burned or grazed (Mack and Pyke 1983; Merriam et al.
2006; Keeley et al. 2005; Keeley and McGinnis 2007). Cheatgrass is a fall germinating
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annual grass, thus germination typically occurs earlier in the season than native grass species.
This trait allows cheatgrass to deplete soil nutrients prior to germination of native flora,
thwarting the growth of native plants (Frasier 1994). The grass‟s metabolism allows it to
grow at low temperatures, and phenological characteristics like rapid root elongation and
proliferation of very fine roots, allows it to deplete soil moisture even in densely vegetated
areas. These traits provide Bromus tectorum with competitive advantages allowing for
potential site domination (Melgoza and Novak 1991; Norton et al. 2004).
Cheatgrass can crowd out native plants while altering ecosystem characteristics such
as soil chemistry, soil biota, soil morphology and organic matter dynamics (Belnap and
Phillips 2000; Norton et al. 2004). Norton et al. (2004) found that long-term cheatgrass
invasion can result in depleted levels of soil organic matter. Additionally, they found that
soil under cheatgrass had higher porosity, higher concentrations of mineral nitrogen and a
larger proportion of mineralizable carbon and nitrogen in the soil organic matter than the soil
found under native plant communities. With an invasion by cheatgrass, changes like these
can result in soil degradation and feedback processes that over time produce poor soil where
natives cannot thrive. Work done by Belnap and Phillips (2001) looking at soil biota like
bacteria, fungal communities, nematodes, protozoa, and soil invertebrates suggests that
invaded areas have lower species richness and lower numbers of fungi and invertebrates.
These characteristics could have major impacts on an ecosystem‟s ability to respond to or
recover from invasion.
Cheatgrass also has the ability to alter soil stability, promote erosion, and affect the
accumulation of plant litter and characteristics of fuel properties. The aforementioned
conditions increase fire frequency, extent, and intensity. By altering the fire regime,
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cheatgrass can thrive more readily than native plant species. By encouraging fire, cheatgrass
can invade further providing additional fuel for the following fire season, thus creating a
positive feedback cycle (Brooks et al. 2004; D‟Antonio and Vitousek 1992). Therefore,
cheatgrass invasion not only poses a significant threat to ecosystem characteristics, structure
and functioning by inhibiting the growth of native plants, but also by altering natural fire
regimes.

Theoretical Approaches
Keeley (2005) suggests that the linkage between fire and invasive plant species can
be best understood when approached from the context of the community ecology theory.
When examining nonnative plant invasions, it is essential to take a multivariate approach,
since it is typically a combination of many landscape characteristics that create an
environment ideal for invasion. Thus, community ecology theory provides the most fitting
theoretical framework for invasion ecology. As outlined in Shea and Chesson (2002), the
community ecology theory has been used to understand biological invasions by applying
niche concepts to nonnative plants and the landscape communities in which they invade. The
idea of „niche opportunity‟ helps to define conditions that promote invasions in terms of
resources, natural enemies, the physical environment, interactions between these factors, and
the manner in which they vary in time and space (Shea and Chesson 2002).
Niche opportunity often varies between communities. However, these opportunities
for invaders may increase after a disturbance, such as fire, in the ecosystem where the native
community members are not necessarily adapted to post-disturbance conditions. By working
to establish a grass/fire cycle, cheatgrass increases the occurrence of fire beyond the
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frequency most native plants are adapted, thus creating a niche opportunity enabling for
further invasion. Additionally, Shea and Chesson (2002) suggest that the effect aspect of a
species‟ niche can also play a role in its invasion, especially in the case of plants. The
species can have spatially localized effects and potentially dramatic effects on a small spatial
scale altering the landscape. In the case of cheatgrass, its allelopathic effects likely reduce
the density of other species and in turn, increase resource availability for itself.
The primary approach to applying community ecology theory in this study is
examining landscape conditions pre-fire through accumulating baseline data and observing
conditions post-fire. By identifying these conditions, managers then have the fundamental
data necessary to determine which factors will promote cheatgrass invasion and to what
extent those factors will affect invasion. By using this theoretical approach, researchers can
establish generalizations about the impact the invader will have on structure and function in
the existing ecosystem (Westman 1990).
Similar to the community ecology theory, the spatial dependence model implies that
dependent variables are spatially structured because they depend on explanatory variables
that are themselves spatially structured by their own generating process (Legendre et al.
2002). Both community ecology theory and the spatial dependence model suggest that
environmental variables, like the extent of cheatgrass, are inextricably linked to other
environmental factors and that each variable helps shape the others to some extent. By
identifying the variables contributing to, or simply associated with cheatgrass invasion,
managers can begin to evaluate ecosystem integrity and the ability of the ecosystem to
recover and resist invasion after disturbance such as fuel management treatments or fire.
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Over the past few decades, national fire policy has been guided by principles of
ecosystem restoration to restore fire-adapted ecosystems degraded by years of suppression
based policies. These policies requiring fire to be restored as a natural disturbance are meant
to increase biotic integrity of these historically fire-adapted ecosystems. Although nationally
mandated in places like NOCA, the impact of fire reintroduction after years of suppression
could be increasing the ability of invasive plants to thrive. The existing cheatgrass
populations in NOCA could be diminishing the integrity of the ecosystem found in the
Stehekin Valley by negatively impacting native plants and other ecosystem components.
Furthermore, the ability of cheatgrass to expand post-fire, and possibly flourish through
creating a grass/fire cycle, could be augmented by current prescribed burning projects.
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CHAPTER 3: RESEARCH METHODS

In the spring of 2006, resource managers from NOCA approached students from a
Geographical Information Systems (GIS) class that I was participating in at Western
Washington University (WWU). These managers were interested in exploring possibilities
for developing methodologies to map, survey, and ultimately document the presence of
cheatgrass throughout the Stehekin Valley. Five of us students developed a protocol for
performing cheatgrass field surveys. During the summer of 2006 four WWU students
including myself, used and refined these methods by performing a field survey and collecting
cheatgrass data from future prescribed burn units within the Lake Chelan NRA. The purpose
of this survey project was to determine locations of established cheatgrass populations and
the extent of invasion prior to prescription burning, planned to be implemented in the
following years throughout the valley (NOCA 2009).

2006 Field Survey Methods
During the summer of 2006, cheatgrass field surveys began. These surveys were
conducted using Garmin 60csx Global Positioning System (GPS) units and topographical
maps with each burn unit superimposed for reference and navigational purposes. Survey
tracts followed elevation contours, generally north to south. Surveyors maintained a spacing
of 10 meters to best distinguish between mapped and unmapped areas. The surveys began at
one end of each future prescribed burn unit, and when the boundary of the burn unit was
reached, the surveyors realigned to travel the opposite direction toward the other side of the
unit. The person at the top of the first transect would then become the surveyor along the
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bottom transect. This person would then follow GPS tracks from the previous transect to the
boundary. This process was repeated methodically to ensure thorough coverage of each burn
unit surveyed.
Using the GPS units at every location where cheatgrass was detected, a data point
was collected. All cheatgrass data point locations were taken using protocol, which requires
the final recorded point to be the average of at least 45 points. Each GPS point taken
contained a record including the spatial coordinates, as well as patch size and percent cover
of cheatgrass. Patch size was determined by using a transect tape measuring the diameter of
the cheatgrass patch. Data for patch size were recorded into the GPS as the radius. The
records also include a measurement of patch density as determined by ocular estimation of
absolute percent cover of cheatgrass throughout the patch extent.
These estimations were closely calibrated with the park fire ecologist and each field
crew member to ensure continuity throughout the data. Similarly, I was present during this
field survey, as well as the following surveys in subsequent years and worked to ensure that
measurements between the field crew members were consistent from year to year. As
O‟Brien (2006) suggests, having an individual present throughout a survey will reduce the
variability associated with multiple observers.
Areas of research were delineated by the park resource managers, and consisted of
three future prescribed burn units including the Courtney Ranch unit, Hazard Creek unit, and
the Upper Rainbow unit. Late in the summer of 2006, the Flick Creek fire ignited and
eventually burned approximately 7883 acres at the southernmost extent of the Lake Chelan
NRA.

30

The Flick Creek fire was managed as a wildland fire, and allowed to burn naturally
in areas where no man-made structures or private property were threatened. After a few
weeks of monitoring, firefighter efforts were increased as the fire began to burn towards the
Stehekin landing and private residences. A portion of the burned area overlapped the
majority of the Hazard Creek burn unit that had been previously surveyed for cheatgrass only
a few weeks earlier. This provided the unique opportunity to identify the impacts of fire on
known cheatgrass patches. The information provided by this research demonstrates how
continued prescription burning in the Lake Chelan NRA may be affecting established
cheatgrass patches in the Stehekin Valley, and possibly throughout other areas of the park.

2008 Field Survey Methods
To establish a control for my research I used an area not treated with fire, outside of
the burn perimeter. This control area is referred to as the Upper Rainbow burn unit. Like the
Hazard Creek burn unit, this area was also surveyed for cheatgrass during the summer of
2006 (See Figure 3.1). The Upper Rainbow unit is located up valley, less than 4,000 meters
to the northwest of the area burned during the Flick Creek fire.
The two areas are topographically and geographically similar with nearly identical
physical attributes such as vegetation, soils, slopes and range of aspects. Both the burn and
control areas are similar in size, with the Upper Rainbow unit slightly larger in area. The
burned unit, also referred to later as the burn or burned area, ranges from approximately 300
to 650 meters in elevation, while the Upper Rainbow control unit ranges from approximately
350 to 900 meters.
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Figure 3.1 2006 Cheatgrass survey map, pre-fire
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My research methods consisted of revisiting areas previously surveyed in 2006 during
the 2008 summer season, and using the same methods used in the previous surveys. In
August of 2008, I worked with two others to revisit approximately one-third of the known
point locations from the 2006 survey. This survey was performed the same time of season
that the 2006 field survey was conducted, ensuring the grass was in a similar phenological
state for identification purposes. By returning to areas previously mapped in both burned and
unburned areas, I was able to quantify changes in extent and percent cover of the known
cheatgrass patches in both burned and unburned areas.
I used Department of Natural Resources (DNR) Garmin software provided by the
University of Minnesota, to upload all GPS data points taken in 2006. I took a systematic
sample of these points by using every third record that was loaded into the GPS unit. After
generating a sample of the original 775 data points, 357 in the burn and 418 in the control, I
was left with approximately 300 points locations. However, when returning to the points in
the field, a number of points had to be eliminated due to missing data and a small number
were discarded because of poor satellite reception. I revisited 92 point locations in the
burned area and 97 points in the control area. Once at a point location, I measured the patch
size using a transect tape and recorded the value as radius in meters. I then recorded a value
for the absolute percent cover of cheatgrass in the patch perimeter. My presence at both the
2006 and 2008 surveys helped ensure that data measurements were consistent among crew
members, and between the 2006 and 2008 surveys.
Like the field surveys done in 2006, Garmin 60csx GPS units were used during the
2008 survey. The 2006 data points were uploaded into the GPS units with each point
containing spatial coordinates, 2006 patch radius in meters, and 2006 percent cover of
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cheatgrass in absolute percent cover. A number of GPS units were used to navigate to point
locations to ensure accuracy.

Data Preprocessing
The new 2008 post-fire field data were manually entered into the preexisting
shapefile attributes dataset containing the 2006 points using a GIS. The canopy cover data
were also entered manually. All GIS data were projected in NAD 1927 UTM Zone 10 North,
in order to maintain consistency with NPS data also being used. With GIS, I was able to
extract landscape characteristic data for each for each patch using the ArcMap spatial analyst
extension. These data were derived from a mosaic of 10 meter Digital Elevation Models
(DEM) of the Stehekin Valley. They include values for aspect, slope and elevation with a 10
meter resolution.
For the data points from within the Flick Creek fire perimeter, I also used burn
severity data from a 30 meter raster dataset provided by the park. These data were generated
by the Fire Effects Monitoring and Inventory System (FIREMON). Like the other landscape
data, I extracted the burn severity values to each point record using ArcMap.
The remaining shapefile includes all point locations of cheatgrass patches, along with
all variables in the attribute table. These include an identifier number for each point, spatial
coordinates, 2006 patch radius, 2008 patch radius, 2006 patch percent cover, 2008 patch
percent cover, canopy cover, slope, aspect, elevation values and burn severity values for the
data points from the burn (see example in Table 3.1). To analyze the data, I exported the GIS
layer attribute table to a data spreadsheet in Microsoft Excel. I subtracted the 2006 values for
patch radius and percent cover from the 2008 values to determine change over time between
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the two years, and added these values to new fields for radius change and percent cover
change values.
Table 3.1 Data fields example
ID

X

Y

Radius
2006

Percent
Cover
2006

Radius
2008

Percent
Cover
2008

Burn
Severity

Aspect

Slope

Canopy
Cover

Elevation

Data Variables
For the following analyses, five landscape variables including aspect, slope, canopy
cover, elevation and burn severity were used. The aspect, slope and elevation data were
derived from a DEM. Burn severity data were derived from a raster dataset, and canopy
cover data was generated in the field. Each variable is described in greater detail below. In
order to perform statistical analyses, I manipulated the dataset by breaking each landscape
variable into different classes.

Aspect
The area of study is located on the western side of the Stehekin Valley. The majority
of slopes are south and southwest-facing. Aspect values generated from the DEMs in GIS
ranged from 109° to 294°. The data signify movement in aspect values from the east moving
westward, where easternmost aspect had a value of 109° and the northwest-most aspect had a
value of 294°. These values refer to north-based azimuths, and include east, south,
southwest, west, and northwest when converted to cardinal direction (Figure 3.2). There
were not enough values between the burn and control areas to compare east (1 sample),
southeast (4 samples) or northwest (1 sample) aspects. These aspects were combined with
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other aspect classes to perform the Mann-Whiney U analyses which include south, southwest
and west-northwest aspects. For the aspect data, I used north-based azimuths.
Figure 3.2 Compass- Aspect classes and number of samples in each class

WestNorthwest
N=17

N
E

W
S

EastSoutheast
N=5

Southwest
N=113
South
N=54

The four remaining classes include:
Table 3.2 Aspect classes

Class
1
2
3
4

Aspect Values
East-Southeast
South
Southwest
West-Northwest

Number of Samples
5
54
113
17

Slope
The slope values in both the control and burn range from 2° to 43°, and were
measured in degrees on a scale of possible values from 0° to 90°. The data were divided into
equal intervals. There are four slope classes which include:
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Table 3.3 Slope classes

Class
1
2
3
4

Slope Values
2-12
13-23
24-33
34-43

Number of Samples
13
45
92
39

Canopy Cover
To measure for canopy cover I used Jennings et al. (1999) definition, in which canopy
cover refers to the “proportion of the forest floor covered by the vertical projection of the tree
crowns”, assessing the presence or absence of canopy vertically above sample points across
an area. Figure 3.3 illustrates how canopy cover is measured by looking upward from the
ground into the canopy to assess the percentage of tree canopy over an area. This measure
quantifies the absolute percentage of the canopy directly over each cheatgrass patch without
regard to canopy species. The protocol for measuring canopy cover was closely calibrated
with the park fire ecologist. The crew used keys and a number of graphics to ensure that our
field data collection was identical to that used by the park. These canopy cover values were
also recorded as an attribute of each cheatgrass patch. Studies suggest that cheatgrass growth
is associated with low overstory canopy cover, accounting for the large number of samples in
the low canopy cover class (Pierson and Mack 1990; Keeley and McGinnis 2007; Keeley et
al. 2005).
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Figure 3.3 Canopy cover measurement (Korhonen et al. 2006)

Canopy cover values range from 0 to 100%. These values were measured as
proportion out of 100% possible. These numbers reflect the proportion of the forest floor
covered by the vertical projection of tree crowns. Measurements were taken in increments of
5%. The data values are divided into equal intervals. The four classes include:
Table 3.4 Canopy cover classes

Class
1
2
3
4

Canopy Values
0-24
25-49
50-74
75-100

Number of Samples
116
22
23
28

Elevation
Elevation values range from 334.7 to 847.6 meters. The values in the burned area
range from 334.7 to 666.5 meters, and the values in the control range from 496.6 to 847.6
meters. Although the elevation values are slightly higher in the control, there are few points
at either end of the spectrum and most points fall in elevation bands common between both
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units from 496 to 667 meters. Because the elevations are not fully consistent throughout the
burned area and control unit, only those elevations in common between both areas were used
during the analysis. The data values were divided into equal intervals. These four remaining
classes include:
Table 3.5 Elevation classes

Class
1
2
3
4

Elevation Values
496-538
539-581
582-624
625-667

Number of Samples
19
11
34
32

Burn Severity
Burn severity is a widely used term that generally works to measure the impacts of
fire on an ecosystem. According to research by Keeley (2009), many ecologists consider
burn severity to be a measurement of the loss or decomposition of organic matter in or on the
soil surface. Burn severity measures the impact of fire on vegetation, like crown scorching
and understory consumption. Additionally, burn severity accounts for changes in soil
characteristics including the loss of litter and duff layers, which reflect varying degrees of the
level of organic matter consumed.
The burn severity values for the Flick Creek fire were calculated by the United States
Geological Society (USGS). These burn severity data are a product of the NPS-USGS
National Burn Severity Mapping Project partnership, where most fires on NPS land are
mapped and analyzed. Data were generated by FIREMON, which is an agency independent
plot level sampling system designed to characterize changes in ecosystem attributes over
time. According to the landscape assessment methodology provided by Key and Benson
(2006), burn severity is defined as a “scaled index gauging the magnitude of ecological
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change caused by fire”. In the process, two methodologies are integrated. One, burn remote
sensing, involves Landsat 30 meter data and a derived radiometric value called the
Normalized Burn Ratio (NBR). The dNBR is temporally differenced between pre-fire and
post-fire datasets to determine the extent and degree of detected change. This process
produced the numerical values, ranging from 0-250, associated with burn severity ranging
from unburned to very high severity, used in this research (see Figure 3.4).
The other method consists of a field sampling approach, called the Composite Burn
Index (CBI). This measure is designed to provide a single index to represent many
ecosystem responses (Keeley 2009). Field ratings consider such criteria as color and
condition of substrates, amount of fuel and vegetation consumed, regeneration from pre-fire
vegetation, establishment of new seral species, and blackening or scorching of trees. Plot
sampling was performed in the Flick Creek fire area by the park fire ecologist and a
specialized fire effects monitoring field crew. These results were used to calibrate and
validate remote sensing results, and to relate detected radiometric change with actual burn
characteristics on the ground. According to the fire ecologist, the results of the CBI sampling
were consistent with the findings of the dNBR process (Karen Kopper, Personal
Communication 2009).
The burn severity values range from 0 to 250. Values of 0 are unburned patches
within the identified fire perimeter, and values of 250 indicate a very high burn severity.
Although there is a normal distribution of points among the five burn severity classes, there
are very few patches in the very high burn severity and unburned categories. This is possibly
because the areas that burned at a very high severity were densely vegetated and had a higher
canopy cover as indicated by 2006 aerial photos. According to work by Keeley and
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McGinnis (2007), and Merriam et al. (2006), the high canopy cover conditions could have
thwarted cheatgrass growth in these locations. The patches that are classified as unburned
are generally located along the lakeshore and near private property. These areas of land were
included when the burn perimeter was created, possibly because the adjacent areas fell within
one of the remaining burn severity categories. I combined the very high severity and the
high severity classes, and maintained the unburned class as an independent variable class.
The following classes are divided according to burn severity:
Table 3.6 Burn severity classes

Class
1
2
3
4
5

Burn Severity Values
Unburned
Very low severity
Low severity
Moderate severity
High and Very High severity
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Number of Samples
8
17
29
24
14

Figure 3.4 Flick Creek fire burn severity map

Statistical Analysis
To begin answering the research questions posed in this thesis, I had to perform a
number of statistical analyses in order to test the different hypotheses posed by each research
question (see Table 3.7). For each research question I used both pre-fire 2006 data, and postfire 2008 data to determine the impact of the Flick Creek fire on cheatgrass patches. To
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determine normality in the dataset, I used a many Kolmogorov-Smirnov tests with Lilliefors
significance correction in SPSS 16.0.
Because the data are normally distributed, I applied either a Student‟s t-test or a nonparametric Mann-Whitney U test. The t-test is an appropriate tool for the large sample size
(30 or more) used in the analyses for the first research question according to the central limit
theorem (Annis 2009). However, the data used to examine the second and third research
questions were subdivided into classes and resulted in samples sizes less than 30, thus I used
a number of non-parametric Mann-Whitney U tests. Similarly, the data used for the second
and third research questions are nonlinear, so to determine whether change in patches
occurred identically across varying landscape gradients, data were analyzed according to
each variable class.

Table 3.7 Statistical tests
Research
Question
#1

Variables tested

Control/Burn

Test type

2006 patch size

Control compared to
burn
Control compared to
burn
Control compared to
burn
Control compared to
burn
Control compared to
burn

Two tailed t-test

#1

2006 percent cover

#1

2008 patch size

#1

2008 percent cover

#2

Change in patch size from
2006 to 2008, across each
landscape variable class

#3

2006 patch size, 2008 patch
size across each severity class

Burn

Mann-Whitney U test

#3

2006 percent cover, 2008
percent cover across each
severity class

Burn

Mann-Whitney U test
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Two tailed t-test
One tailed t-test
One tailed t-test
Mann-Whitney U test

Research Question 1
Did fire encourage expansion or increase the density of cheatgrass patches two years
post-fire?
It was necessary to first establish if pre-fire patch size or percent cover were
significantly different between the control and the area that was later burned. The null
hypotheses for these tests is that there is no significant difference between 2006 patch size in
the control and the area later burned in the Flick Creek fire, and similarly that there is no
significant difference between 2006 percent cover in the control and the area later burned in
the fire. This was determined using two-tailed student‟s t-tests with a 95% confidence
interval. The alternate hypothesis is that the patches from 2006 are not from the same
population.
After performing preliminary analyses, I then determined whether post-fire patch size
or percent cover were significantly different between the control and the burn. Since the
literature suggests that cheatgrass patches will expand post-fire, I used a one-tailed student‟s
t-tests, assuming that patch size expanded more in the burned area than the control. This
tests the null hypotheses that there is no significant difference between 2008 patch size in the
control and the burned area, and similarly that there is no significant difference between 2008
percent cover in the control and the burned area. These pre and post-fire analyses test the
research hypothesis of whether or not fire affected the size or percent cover of cheatgrass
patches, and the findings help set the foundation for the remaining analysis.
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Research Question 2
Are there landscape characteristics that when combined with fire, are associated with
cheatgrass expansion?
It was important to further analyze the data to determine what landscape factors in
when affected by fire encouraged cheatgrass patch expansion. Because the results of the ttests used to examine the first research question suggest that fire did not affect percent cover
of patches, I only explored patch size in the analysis of the second research question. I
compared the measure of radius change from 2006 pre-fire, to 2008 post-fire between the
burned and unburned areas with similar aspect, slope, canopy cover and elevation classes.
For these analyses, I simply compared the radius change of cheatgrass patches in each
variable class between the control and the burned area. Because radius change data is a
sample smaller than 30 values, I used a number of non-parametric Mann-Whitney U tests at a
95% confidence interval.
These analyses test the null hypotheses that there is no significant difference in radius
change between 2006 and 2008 in each of the variable classes. The alternate hypothesis is
that there are certain landscape characteristics that when combined with fire, had differing
effects on changes in cheatgrass patch size.

Research Question 3
Did varying degrees of burn severity differentially impact the size or percent cover of
cheatgrass patches from within the Flick Creek fire perimeter?
By analyzing both pre-fire and post-fire data from within the Flick Creek fire
perimeter only, I evaluated whether differing degrees of burn severity are associated with the
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expansion of cheatgrass after a fire event. For this analysis I compared the patch radius, as
well as percent cover, of the 2006 pre-fire patches to the radius and percent cover of the 2008
post-fire patches in each burn severity class. I applied the non-parametric Mann-Whitney U
test at a 95% confidence interval, with one test for each burn severity class. The null
hypotheses for these Mann-Whitney U tests are that there is no significant difference
between radius in 2006 and 2008 in each of the burn severity classes, and that there is no
significant difference between percent cover in 2006 and 2008 in each of the burn severity
classes. The alternate hypothesis is that each burn severity class impacted cheatgrass
differently.
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CHAPTER 4: RESULTS

This chapter presents data analysis results. The first section presents results that test
the first research question posed by this thesis. These results compare patch size and percent
cover between treatment and control pre-fire, then post-fire, and indicate that fire affected
cheatgrass patch size, but not percent cover, thus setting the foundation for the remaining
analyses. The second section answers the second research question by presenting a
descriptive comparative analysis from 2006 to 2008. Here, the landscape variables of aspect,
slope, canopy cover and elevation are analyzed by comparing pre-fire and post-fire data in
the burn and control to determine the impact of landscape variables on cheatgrass patches
when treated with fire. The final section describes the differential effects of burn severity on
patches within the Flick Creek fire burn perimeter.

Research Question 1: Analysis Results
Did fire encourage expansion or increase the density of cheatgrass patches two years
post-fire?
Analysis
Data analysis indicates that patch sizes in the control and area later burned were the
same pre-fire. Similarly, percent cover of patches in the control and treatment were the same
pre-fire. The t-test results comparing 2006 radius values in the treatment and control areas
resulted in a p-value of 0.575. Analysis comparing 2006 percent cover values in the
treatment and control areas resulted in a p-value of and 0.592 (see Table 4.1). The p-values
suggest that these patch radius and percent cover data come from the same sample
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population, therefore I fail to reject the null hypotheses that there is no significant difference
between pre-fire 2006 patch size in the control and the area later burned in the Flick Creek
fire, and that there is no significant difference between pre-fire 2006 percent cover in the
control and the area later burned in the Flick Creek fire.
Table 4.1 2006 radius and percent cover means and p-values

Variable

Controlmean values
2006 Radius
4.10
2006 Percent Cover 39.50

Burn- mean
values
4.34
41.46

Two-tailed ttest p-value
0.575
0.592

Reject/Fail to reject
null hypothesis
Fail to reject
Fail to reject

Secondary Analysis
In 2006 before the Flick Creek fire occurred, cheatgrass patch size was similar in both
areas, and post-fire in 2008, cheatgrass patches were significantly larger in the burned area
than the control. Although mean patch radius increased in both areas, there was only a slight
increase in the control while the mean radius in the burned area almost doubled from 2006 to
2008. A p-value of 0.000 indicates that there is a significant difference between 2008 patch
size in the control and burned area. With these results I can reject the null hypothesis that
there is no significant difference post-fire between 2008 patch size in the control and the
burned area.
A comparison of 2008 post-fire percent cover in the control and burned area resulted
in a p-value of 0.198, therefore I fail to reject the null hypothesis that that there is no
significant difference post-fire between 2008 percent cover in the control and burned area
(see Table 4.2). The table displays the mean values for both radius and percent cover to
show the averages of data in the control and burn. The table also displays the p-values
resulting from the t-test which compared all radius and percent cover values between the
control and burn.
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Table 4.2 2008 radius and percent cover means and p-values

Variable

Controlmean values
2008 Radius
4.90
2008 Percent Cover 32.08

Burn- mean
values
8.26
36.92

One-tailed ttest p-value
0.000*
0.099

Reject/Fail to reject null
hypothesis
Reject
Fail to reject

*Statistically significant values at the 0.05 level

Figure 4.1 Graph of radius change, control and burn

This analysis suggests that the Flick Creek fire did affect the ability of cheatgrass
patches to expand. By referring to the Tables 4.1 and 4.2, I can conclude that although the
patch radius increased in both the control and the burned area, there is a significant difference
post-fire between patch radius in the control and burn, while there was no significant
difference in the pre-fire year. The percent cover data however, suggests that there is no
significant difference post-fire in percent cover in the control and burned area. These results
answer my first research question and indicate that fire encouraged the expansion, but not
densification of cheatgrass.
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Research Question 2: Analysis Results
Are there landscape characteristics that when combined with fire, are associated with
cheatgrass expansion?
Analysis
The following results test the second research hypothesis and determine whether there
are certain landscape characteristics that when influenced by fire, are associated with
cheatgrass patch expansion or an increase in patch density. The following Mann-Whiney U
tests each evaluate the null hypothesis that there is no significant difference in radius change
between 2006 and 2008 in each of the variable classes.
Aspect
Analysis of aspect data indicates that cheatgrass patch size increased more in the
burned area than the control in each aspect class (see Table 4.3). A significance of 0.000
indicates that on southwest aspects, the radius change is statistically significant between the
burned area and the control. The significance values for both south and west-northwest
aspects are not statistically significant at 0.277 and 0.692. These results indicate that
cheatgrass patches on southwest-facing aspects expanded more than patches on westnorthwest or south-facing aspects following the Flick Creek fire.
The following table displays the mean values for radius change in each aspect class to
show differences between the control and burn in each data class. The table also displays the
significance resulting from each Mann-Whitney U test, comparing all radius change values
between the control and the burn among each aspect class.
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Table 4.3 Significance values for radius change associated with aspect
Class
Mean Δ No
Mean Δ Burn
Mann-Whitney

South
Southwest
West-Northwest

Burn
0.96
0.66
0.28

U significance
0.277
0.000*
0.692

1.75
4.41
1.30

Reject/Fail to reject
null hypothesis
Fail to reject
Reject
Fail to reject

*Statistically significant values at the 0.05 level

Slope
Analysis of slope data indicates that cheatgrass patch size increased more in the
burned area than the control in all slope classes (see Table 4.4). The significance values of
0.022 and 0.003 for both 24-33 and 34-43 degree slopes indicate that the radius change is
statistically significant between the burned area and the control. The significance values of
0.084 and 0.060 for 2-12 and 13-23 degree slopes suggest that radius change is not
statistically significant between the burned area and the control.
The following table displays the mean values for radius change in each slope class to
show differences between the control and the burn in each data class. The table also displays
the significance values resulting from each Mann-Whitney U test, comparing all radius
change values between the control and the burn among each slope class.
Table 4.4 Significance values for radius change associated with slope
Class
Mean Δ No
Mean Δ Burn
Mann-Whitney

2-12
13-23
24-33
34-43

Burn
-0.71
0.64
1.12
0.50

U significance
0.084
0.060
0.022*
0.003*

1.50
3.82
3.71
4.95

*Statistically significant values at the 0.05 level
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Reject/Fail to reject
null hypothesis
Fail to reject
Fail to reject
Reject
Reject

Canopy Cover
Analysis of canopy cover data suggests that cheatgrass patch size increased more in
the burned area than the control in all canopy cover classes (see Table 4.5). The radius of
patches in the burn increased much more than in the control where the canopy cover was less
than 24%. A significance of 0.000 for the canopy cover class of 0-24% indicates that in
areas with 0-24% canopy cover, the radius change is statistically significant between the
burned area and the control. The remaining classes of 25-49%, 50-74% and 75-100%, with
respective significance values of 0.490, 0.676 and 0.760, do not differ enough between the
burn and control to be considered statistically significant. These results suggest that
cheatgrass patches with a low canopy cover of 0-24%, expanded more than patches with a
canopy cover of 25-100% following the Flick Creek fire.
The following table displays the mean values for radius change in each canopy cover
class to show differences between the control and burn in each data class. The table also
displays the significance values resulting from each Mann-Whitney U test, comparing all
radius change values between the control and the burn among each canopy cover class.
Table 4.5 Significance values for radius change associated with canopy cover
Class
Mean Δ No
Mean Δ Burn
Mann-Whitney Reject/Fail to reject

Burn
1.05
1.00
0.28
0.05

0-24
25-49
50-74
75-100

U significance
0.000*
0.490
0.676
0.760

6.08
2.66
0.56
0.55

null hypothesis
Reject
Fail to reject
Fail to reject
Fail to reject

*Statistically significant values at the 0.05 level

Elevation
Analysis of elevation data indicates that cheatgrass patch size increased more in the
burned area than the control in all elevation classes (see Table 4.6). The values for radius
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change between the burn and control in the 496-538, 539-581 and 582-624m elevation
classes resulted in significance values of 0.175, 0.178 and 0.076, and indicate no statistical
significance. In the 625-667m elevation class, the significance value of 0.002 indicates that
radius change is statistically significant between the burned area and the control. These
results suggest that on elevations between 625-667m, cheatgrass patches expanded more than
patches on elevations between 496-624m following the Flick Creek fire.
The following tables display the mean values for radius change in each elevation
class to show differences between the control and burn in each data class. The table also
displays the significance values resulting from each Mann-Whitney U test, comparing all
radius change values between the control and the burn among each elevation class.
Table 4.6 Significance values for radius change associated with elevation
Class
Mean Δ No
Mean Δ Burn
Mann-Whitney Reject/Fail to reject

496-538
539-581
582-624
625-667

Burn
2.00
1.50
0.29
-0.33

U significance
0.175
0.178
0.076
0.002*

5.21
6.42
8.71
5.57

null hypothesis
Fail to reject
Fail to reject
Fail to reject
Reject

*Statistically significant values at the 0.05 level

In order to verify results generated by the Mann-Whitney U tests, I used a fivesample chi square analysis with the variables radius change, aspect, slope, canopy cover and
elevation. In this analysis I only used data from the burned area. Each variable was divided
in into two classes, high or low depending on the median value. This analysis tested the null
hypothesis that the observed frequencies are not different then the expected frequencies when
landscape variables are combined.
The chi square value of 37.70 was much larger than the chi square critical value of
3.84, and was statistically significant at the 95% confidence interval. In the contingency
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table where radius change, aspect and slope were high, while elevation and canopy cover
were low, there was a very high observed frequency count, affirming the Mann-Whitney U
test results. These results suggest that the combination of landscape characteristics high
aspect and high slope, with low canopy cover and low elevation, are associated with high
radius change.

Research Question 3: Analysis Results
Did varying degrees of burn severity differentially impact the size or percent cover of
cheatgrass patches from within the Flick Creek fire perimeter?
Analysis
The following results examine the third research hypothesis, determining whether
differing degrees of burn severity are associated with cheatgrass patch expansion or an
increase in patch percent cover. The following Mann-Whiney U tests each test the null
hypothesis that there is no significant difference in patch size between 2006 and 2008 in each
of the burn severity classes, and similarly that there is no significant difference in percent
cover between 2006 and 2008 in each of the burn severity classes.
I found that in each burn severity class the mean cheatgrass patch size was larger in
2008 than 2006 (see Table 4.7). The difference between 2006 and 2008 patch size in the
unburned class was not statistically significant at a value of 0.078. The significance values
of the very low, low and moderate severity classes, respectively 0.040, 0.000 and 0.032
indicate that radius values differ enough between 2006 and 2008 to be statistically
significant. The significance value for the high and very high severity class is 0.391, which
indicates that there is no significant difference between 2006 and 2008 patch radius. For the
very low, low and moderate severity classes, I can reject the null hypotheses that there is no
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significant difference in radius, between 2006 and 2008 in each of these burn severity
classes. For the unburned and high and very high burn severity classes, I fail to reject the
null hypotheses that that there is no significant difference in radius, between 2006 and 2008
in these burn severity classes.
In most of the burn severity classes, unburned, very low, low and moderate, the
percent cover values do not differ enough between 2006 and 2008 to be statistically
significant as indicated by their significance values of 0.711, 0.569, 0.453 and 0.739 (Table
4.8). Thus, I fail to reject the null hypotheses that there is no significant difference in
percent cover, between 2006 and 2008, for each of these burn severity classes. The
significance value of 0.042 in the high and very high burn severity class indicates that there
is a significant difference in percent cover between 2006 and 2008, and thus I can reject the
null hypothesis. The following table displays the mean values for both radius and percent
cover in each severity class to illustrate tendencies in the data. The table also displays the
significance values resulting from the Mann-Whitney U tests which compared all radius and
percent cover values among each burn severity class from within the fire perimeter.
Table 4.7 Significance values for mean radius associated with burn severity

Class

Mean Radius
(m) 2006

Mean Radius
(m) 2008

Unburned
Very Low
Low
Moderate
High and Very High

4.25
5.52
4.06
4.16
3.85

6.25
10.82
8.89
8.20
5.07
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MannWhitney U
significance
0.280
0.020*
0.000*
0.032*
0.391

Reject/Fail to reject
null hypothesis
Fail to reject
Reject
Reject
Reject
Fail to reject

Table 4.8 Significance values for mean percent cover associated with burn severity

Class

Mean Percent
Cover 2006

Mean Percent
Cover 2008

Unburned
Very Low
Low
Moderate
High and Very High

35.62
44.70
43.44
41.25
37.14

43.12
39.88
38.13
40.63
21.00

MannWhitney U
significance
0.711
0.569
0.453
0.739
0.042*

Reject/Fail to reject
null hypothesis
Fail to reject
Fail to reject
Fail to reject
Fail to reject
Reject

*Statistically significant values at the 0.05 level

These results suggest that varying degrees of burn severity differentially affected the
ability of cheatgrass to expand. The very low, low and moderate burn severities encouraged
the expansion of cheatgrass more than the unburned and the high and very high burn
severities. The percent cover data however, suggests that there is no significant difference in
percent cover in most of the burn severity classes, except for the high and very high severity
class. These results answer my second research question and indicate that each burn severity
class impacted cheatgrass patches differently.
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Figure 4.2 Cheatgrass points in the Flick Creek Fire
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CHAPTER 5: DISCUSSION AND CONCLUSIONS

The purpose of this thesis research was to examine the affects of fire on the
cheatgrass population in the Lake Chelan NRA. In this chapter I will discuss in greater detail
within the context of the current literature the results from the statistical analyses presented in
the previous chapter, which suggest that fire does positively impact the ability of cheatgrass
to expand. I will also discuss the implications of these results in the context of park
management in the Lake Chelan NRA, while making recommendations for future action. To
conclude this thesis, I will discuss the limitations of this research, and make suggestions
regarding opportunity for future research.

Discussion
Results from the multiple analyses examining each of the three research question
posed by this thesis were generally in accordance with current literature. Pierson and Mack
(1990) discovered that the colonization of cheatgrass coincides with a reduction in tree
canopy. Keeley and McGinnis (2007) also found that post-fire cheatgrass cover was
negatively associated with canopy coverage. Additionally, Keeley and McGinnis (2007)
found that cheatgrass cover is negatively associated with burn severity, suggesting that low
intensity prescribed burning favors cheatgrass expansion. They also claim that low intensity
burning will help sustain the long-term persistence of cheatgrass once it is established in
open ponderosa pine forests.
Although Pierson and Mack (1990) found that cheatgrass did not persist on lower
elevations in the ponderosa pine forests, they suggest that cheatgrass could become
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established if the understory was disturbed. This study found that cheatgrass had readily
established throughout each elevation class, but increased more on higher elevation classes
after fire. While the Pierson and Mack study examined elevations of 790-900m, this thesis
examined a lower range of elevations varying between 496-667m. Since no substantial
research had been performed in this study area prior to cheatgrass establishment, it is difficult
to determine what mechanisms contributed to the introduction and spread of cheatgrass and
whether cheatgrass establishment occurred similarly on differing elevations. Caprio et al.
(1999) found that cheatgrass is “nearly always found at elevations above 900m and not at
lower elevations where diversity and density of other introduced winter annuals is high.”
The Caprio et al. (1999) study did not use statistical analysis to determine significance
between pre-fire and post-fire years; they only determined that patches had expanded over
the duration of the study. Although elevations do differ by a few hundred meters between
the Caprio et al. (1999) study and this case study, findings were similar in that cheatgrass
patches did expand post-fire.
Results from this study suggest that cheatgrass patches will expand more on
southwest aspects than south or west-facing aspects. Studies like Caprio et al. (1999) and
Gundale et al. (2008), found that cheatgrass grew mainly on south-facing aspects. Keeley
and McGinnis (2007) found that postfire cheatgrass dominance is positively correlated with
hours of sunlight. This literature, along with additional literature, suggest that cheatgrass
persists in drier, more open areas with less canopy cover, which are landscape attributes more
typical of south-facing sites. Although this study found that cheatgrass patches increased
significantly on southwest-facing aspects, cheatgrass was still present and did increase on
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south-facing slopes in both the burned and unburned areas, however, not enough to be
considered statistically significant.
The NPS has named the controlling of exotic plant species as one of the most
significant land management issues facing managers today (Keeley 2005). Because the
threat of exotic plant invasion is so prevalent, managers in NOCA have placed the
eradication of invasives as a top priority (NOCA 2006a). However, the goals of controlling
nonnative plant populations through biotic management, and current goals of restoring fire to
ecosystems in the Lake Chelan NRA may currently exist in conflict. Keeley et al. (2005)
suggest that in addition to continuous monitoring to measure the effectiveness of project
efforts regarding fire and invasives, parks should even consider the possibility of halting
prescribed burns until the consequences and impacts are better understood and can be more
effectively mitigated. This research aimed to determine the effects of fire on cheatgrass so
the goals of fire and fuels management in NOCA do not impede those goals of maintaining
ecological integrity by inadvertently encouraging invasives.
Because the park typically uses a low intensity fire when performing prescription
burning (NOCA 2006b), information provided by this work will enable managers to better
mitigate for impacts prescribed burning. Additionally, this work helps to identify areas most
susceptible to cheatgrass expansion following a fire event. With this knowledge, managers
can work to prioritize areas of treatment to prevent the spread of cheatgrass pre-fire and postfire. There are a number of areas throughout the Stehekin Valley that are slated for
prescription burning within the next few years. These future prescribed burn units have
identical topographical characteristics, and are of similar size as the areas examined in this
study. It is possible that the information provided by this research can be used to design
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predictive models which could identify areas where cheatgrass will likely expand after a fire
event.
Throughout this work I have used both radius, as well as percent cover to measure the
expansion of cheatgrass patches from 2006 to 2008. Although these are both good indicators
of what is taking place on the landscape, the measure of percent cover was difficult to
analyze and inconsistent over the three years of this study. While patch size was easy to
measure and record changes over time, percent cover was not. I found that in areas where
patch size increased, the measure of absolute percent cover often decreased because the
plants were spread further apart throughout the patch perimeter, and thus overall density
would subsequently decrease. This measurement did not appear to be critical since the t-tests
used to examine the first research question indicated that there was no significant statistical
difference in patch percent cover between 2006 and 2008.
During the summer of 2009 I planned on revisiting the 189 point locations from the
previous two years of research, measuring again for changes in size and percent cover of
patches. This effort was restricted by resource limitations, as well as personal injury. I
revisited 30 point locations late in the summer season. Of these 30 points, 17 were in the
burned area and 13 in the control unit. At these point locations I again measured for patch
radius and percent cover to determine changes from 2006 and 2008 to 2009.
At the points that were reexamined in 2009, the pattern seen from 2006 to 2008
generally continued. Like the previous years, patches continued to increase in both areas,
however they increased more so in the burned area than the control. Between 2006 and
2008, the average radius increased 6% in the control, while it had increased 35% in the burn.
The average radius increased more drastically from 2008 to 2009 in the control and burn,
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respectively 34% and 68%.
The results from the 2009 survey, although not statistically supported, imply that
cheatgrass patches in the control and burn continued to increase three years post-fire. These
results also indicate that although expansion of cheatgrass patches continued in both areas,
the patches within the Flick Creek fire perimeter increased more so than those in the control.
For this reason, it is important that this research continues and that these areas are revisited
over the next few years to document any further changes taking place on the landscape.
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Figure 5.1 Cheatgrass photo comparison: photo 1. This patch measured 10m radius in the 2008
season

Figure 5.2 Cheatgrass photo comparison: photo 2. The same patch measured 15m radius in
the 2009 season; however percent cover declined.
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When returning to these areas, it was difficult in places to differentiate between patches
in many areas. Although expansion of patches did occur in both the burn and control, this
phenomenon was seen mostly in the burned area. Many of the points in the burned area that were
small and discrete patches of cheatgrass in 2006 before the Flick Creek fire, have now expanded
to the point that they have grown together to form continuous fields of cheatgrass (see Figure
5.3).
Figure 5.3 Combined cheatgrass patches: this photo taken in 2009 shows an area where three
independent patches from the 2006 survey had joined together.

Following the 2006 Flick Creek fire, cheatgrass has spread very extensively
throughout the burned area. As previously mentioned, many patches have grown together to
form large expanses. For this reason, the use of remote sensing imagery may be a more
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thorough and efficient method of determining extent and spread of the grass over time.
Although remote sensing would be difficult up valley because the canopy cover may be too
dense, the 2006 fire may have killed enough vegetation and reduced the canopy cover so that
remote sensing could be a feasible option in the Flick Creek fire area.

Limitations of Research
The work beginning in 2006 was meant only to document the presence of cheatgrass
in future prescribed burn units throughout the Stehekin Valley. The occurrence of the Flick
Creek fire was an unforeseen event; however the effects of the fire provided a great
opportunity for research. By utilizing the 2006 data from both the area later burned in the
fire, and the control unit, this research identified the effects of fire on established cheatgrass
patches. These data taken before the fire were not intended specifically for this research, and
thus the information is not particularly thorough. Ideally, information about pre-fire canopy
and understory structure would have added clarification as to what conditions were present in
2006. Similarly, site information taken directly after the fire and subsequently in 2007,
would have added an interesting element in the progression cheatgrass patches and the
surrounding landscape.
The field survey work performed in 2006 was limited to future prescribed burn units
only. These units were located at a relatively low elevation, close to the valley bottom for
fire management and resource purposes. In this analysis the use of elevation data was
insightful; however the effects of elevation on cheatgrass are not fully explored using
elevation data ranging only between 496-667 meters. It is possible that cheatgrass patches
located in higher elevations may behave differently than those in lower elevations, like the
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range used in this study, and would have reacted differently to fire. Considering that the
other future prescribed burn units that were not included in this study consist of similar
elevations, the use of these findings in predictive models for those additional areas could still
prove useful.
Time and a lack of resources greatly limited the amount of information I was able to
gather for this analysis. Data, including seasonal precipitation and moisture availability,
could have provided additional information as to what the growing conditions were, and if
they varied between 2006, 2007 and 2008, although using identical sites in a close proximity
to one another expectedly ensured both the burn and control were exposed to similar
climactic conditions. Additionally, information about soil characteristics both pre-fire and
post-fire in the burn and control could have helped identify what mechanisms, such as
nitrogen availability, could have aided cheatgrass growth in the burned area.

Conclusions and Recommendations
The Flick Creek fire that occurred in 2006 provided a unique opportunity to examine
pre-fire and post-fire cheatgrass data. I found that post-fire canopy cover was the most
statistically significant factor determining patch growth, and that cheatgrass patch size was
negatively associated with canopy cover. Additionally, my results indicate that cheatgrass
patches expanded more post-fire on southwest aspect, elevations of 496-624m, and on greater
slopes of 24-43°, although these variables were not as influential as canopy cover or burn
severity. The analysis of landscape characteristics in this work indicates associations present
between certain landscape variables affected by fire, and the post-fire response of established
cheatgrass populations in these areas. This research demonstrates that when burned,
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cheatgrass patches located in areas with open overstory canopy cover, on southwest aspects,
slopes of 24-43° and between elevations of 496-624 are more susceptible to expansion than
adjacent patches with differing landscape characteristics.
Furthermore, this research suggests that cheatgrass patches will likely expand after a
future fire event, like prescription burning or a wildland use fire, and can further invade the
landscape. Analysis of cheatgrass patches and differing degrees of burn severity indicate that
at very low, low and moderate severities, established cheatgrass patches expanded. Results
from analyzing the third research are consistent with the analysis results from the first
research question, and again suggest that cheatgrass patches will expand less in unburned
areas than in burned areas. In conclusion, the results of this research indicate that fire in
NOCA‟s Lake Chelan NRA study area enabled established cheatgrass populations to spread.
Additional research that I have participated in with the park has found that the highest
elevation extent of cheatgrass in this study area is approximately 1400 meters. It is
recommended that the park begin mitigating for the impact of fire on cheatgrass before the
grass becomes uncontainable. If cheatgrass continues to flourish in this area of the park, it
could significantly alter ecosystem dynamics (Brooks et al. 2004; D‟Antonio and Vitousek
1992; Gundale et al 2007; Keeley et al. 2005; Keeley and McGinnis 2007; Melgoza and
Novak 1991; Norton et al. 2004).
This study provides information about landscape characteristics potentially correlated
with cheatgrass invasion. The results of this work will enable managers to prioritize
eradication efforts. Furthermore, this data may provide information that will encourage
managers to act quickly in developing a plan for the treatment of cheatgrass throughout the
Stehekin Valley, independent of burning activities.
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Management activities designed for ecological restoration should work in unison
towards common goals if possible. According to the Society for Ecological Restoration, a
central premise of ecological restoration is that restoration of natural systems to conditions
consistent with their recent evolutionary environments will prevent their further degradation,
while simultaneously conserving their native plants and animals (Moore et al. (1999).
Continuous monitoring of projects is essential and can ensure that one ecosystem component
is not being compromised at the expense of maintaining another. If further ecological
damage is occurring as a result of a restoration activity, management plans should be altered
to guarantee that goals are not threatening ecosystem integrity. This process should be
dynamic and as more information is gathered projects should be reevaluated to ensure the
most effective, mutually comprehensive, ecologically sound success.

Implications for Future Research
According to the final Flick Creek fire Burned Area Rehabilitation Report, because of
the information provided by this project, park managers are seeking funding for additional
research and mitigation. The new research design will test the effectiveness of herbicide
treatments in conjunction with native seed reseeding for the management of cheatgrass in
prescribed burn units (NOCA 2009). It will be important to monitor the cheatgrass
populations, as well as the effectiveness of treatment methods in the prescribed burn units
schedule to be burned within the next few years. The methodology used in this thesis
research to determine post-fire changes in cheatgrass patches would be adequate to employ
for monitoring purposes as well. Additionally, future research should compare the effects of
prescription burning to the effects of wildfire to determine how the landscape and plants,
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including cheatgrass, react to each burning treatment.
The effects of global climate change will greatly impact places like NOCA, which
have already become increasingly susceptible to negative effects of climate change. Three of
the five largest recorded floods of the Stehekin River have occurred within the last 12 years.
Throughout the park, an estimated 13% of glacier area has melted since 1971. Large
wildfires burned more acres in 2006 than any time in the last 45 years. Along with damage
from insects and disease to native plants, non-native invasive plants are penetrating
wilderness along streams and roadways (NOCA 2007). Although these results may be
inevitable, managers in NOCA and other parks throughout the US have begun implementing
monitoring projects to measure and document changes in the environment.
Climate change will likely effect wildfire throughout the western US. Wildfires are
driven by natural factors such as fuel availability, temperature, precipitation, wind, humidity,
and the locations of lightning strikes. Climate fluctuations significantly affect theses natural
factors (Westerling et al. 2003). According to Brown et al. (2004), global annual
precipitation is expected to increase, as are changes in occurrences of extreme events,
particularly those related to temperature and precipitation. These aspects of climate change
will directly impact wildfire by amplifying fire behavior, leading to more erratic fire behavior
with large flame lengths, torching, crowning, rapid runs and blowups due to extremely dry
conditions.
Research shows that there has been a positive trend in the number of fires in the
western US over the past few decades [(Brown et al. 2004, Westerling et al. 2006) (see
Figure 5.4)]. Agee (1993) suggests that in forested areas where heavy fuels tend to
accumulate over long periods, such as in the Northwest and at higher elevations around the
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west, anomalously dry conditions have a greater effect on fire danger. This enhanced fire
danger reaffirms the need for managers to continue fire and fuels management projects. In
the case of the Lake Chelan NRA, prescription burning to reduce the threat of severe wildfire
is likely encouraging cheatgrass expansion; however the occurrence of a severe wildfire
continues to remain a threat, possibly greater than that of nonnative invasion.
Figure 5.4 Western US Forest Wildfires and Spring-Summer Temperature (Westerling et al.
2006)

Currently in the Lake Chelan NRA conditions like high fuel loads, fuel ladders,
diseased trees and continuous crown canopy remain a threat to ecosystem sustainability
(NOCA 2006b). An expansion of cheatgrass invasion in will result in a more continuous
fuel, drying in the spring prior to fire season, possibly enhancing fire danger. Similarly, the
establishment of a grass/fire cycle will magnify these impacts on fire, but will also alter other
ecosystem elements and interactions by increasing competition with native flora. This
research provides baseline data, and important information about how cheatgrass will likely
respond to fire events. Research should continue in the Lake Chelan NRA to further monitor
the effects of cheatgrass invasion and the possible impacts of climate change on fire and
nonnative invasions so that management plans can be adjusted accordingly.
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The National Parks encompass some of the most pristine wilderness areas as well as
the most unique ecosystems on earth. As recommended by the Leopold Committee, the NPS
should “recognize the enormous complexity of ecological communities and the diversity of
management procedures required to preserve them” (Leopold Report 1963). Restoration of
these ecosystems is imperative; however it is crucial that in the act of restoring and
conserving these fragile places, no further harm is done meanwhile. Currently, the policies
in place regarding restoration of fire in the Lake Chelan NRA may be having unintended
negative impacts on ecosystem structure and function by encouraging the expansion of
nonnative cheatgrass. Biotic management is a difficult mission, and although there is no
panacea, management strategies should be adaptive to ensure restoration goals further the
potential success of the entire ecosystem community.
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Appendix A
Figure A.1 Pre-fire Patch Size and Percent Cover
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Figure A.2 Post-fire Patch Size and Percent Cover
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Figure A.3 Aspect- Change in Patch Size and Percent Cover
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Figure A.4 Slope- Change in Patch Size and Percent Cover
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Figure A.5 Canopy Cover- Change in Patch Size and Percent Cover
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Figure A.6 Elevation- Change in Patch Size and Percent Cover
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